A set of 101 diverse soybean genotypes were biochemically analyzed for trypsin inhibitor (TI) contents, and were characterized with morphological and molecular markers. The TI content in the seeds ranged from 14. 65 (Kumar et al. 2001) . Therefore, it is important to identify soybean genotypes that will be useful in breeding program directed towards reduction of TI in soybean (Shivakumar et al. 2015) .
Introduction
Soybean [Glycine max (L.) Merr.] ranks first among the oilseeds crops in India. Globally, India ranks fifth in terms of area and production of soybean. This "miraculous bean" contains about 37-42% good quality protein, 6% ash, 29% carbohydrate and 17-24% oil comprising 85% poly-unsaturated fatty acid with two essential fatty acids (linoleic and linolenic acid) (Balasubramaniyan and Palaniappan, 2003) . However, it contains various anti-nutritional factors, which limit its straight utilization in food and feed uses (Streit et al. 2001) . One of such major anti-nutritional factor present in soybean seed is trypsin inhibitor (TI) (Westfall and Hauge, 1948) . The most common of the TIs is the Kunitz trypsin inhibitor (KTI-20kDa) which constitutes about 80 per cent of the trypsin inhibitor activity. Not single Indian soybean varieties are free from TI (Kumar et al. 2001) . Therefore, it is important to identify soybean genotypes that will be useful in breeding program directed towards reduction of TI in soybean (Shivakumar et al. 2015) .
Assessment of the genetic relationships facilitates selection of diverse parental combinations and introgression of desirable genes or chromosome segments from diverse sources into elite germplasm (Iqbal et al. 2008) . Diversity, based on the morphological characters reveals important traits to the plant breeders (Singh, 1989) ; however, manifestation of the phenotypes is highly influenced by the environmental variables. Molecular characterization can provide additional information about degree of diversity and genetic constitution of the genotypes. Among many molecular marker systems, simple sequence repeats (SSRs) are suitably preferred for genetic analysis because of their abundance and uniform distribution in the genome (Matsuoka et al. 2002 , Liu et al. 1996 , high variability (Tautz 1989) , co-dominant inheritance and multiallelic amplification (Chin et al. 1996) . The assay is less laborious and relatively inexpensive (Pinto et al. 2003 ). The present investigation was therefore conducted for biochemical screening of 101 soybean genotypes for TI contents and to characterize it with morphological and molecular (SSR) markers.
Materials and methods

Biochemical screening
A set of 101 soybean genotypes comprising of Indian varieties, breeding lines and exotic germplasm lines were biochemically analyzed for estimation of TI following procedure as described by Shivakumar et al. 2015 . The TI estimation was worked out as per Hamerstrand et al. (1981) .
Differential absorbance TI (mg g -1 sample) = x 0.019 x 1000 DF x sample (ml); where, DF = Dilution factor 100
Phenotyping
The soybean genotypes were morphologically evaluated during kharif 2010 and kharif 2011 at the experimental field of the Division of Genetics, ICARIndian Agricultural Research Institute (IARI), New Delhi following augmented design of experiment. The entries were sown in raised rows each of 3m length with 45cm spacing between rows and 10cm between plants.
Observations were recorded on 16 traits including both qualitative (seed testa colour, flower colour, leaf shape, leaf colour intensity, plant growth type, plant growth habit, pod hair colour and seed hilum colour) and quantitative characters (plant height, days to 50% flowering, days to maturity, number of pod per plant, number of seed per pod, number of primary branches, 100 seed weight and seed yield) from five randomly selected plants of each genotype. The genotypes were characterized as per the DUS guidelines (Anonymous, 2009 ).
Molecular genotyping
For molecular characterization, total genomic DNA was isolated from 2-3 week old seedlings using CTAB procedure (Saghai-Maroof et al. 1984 ) with minor modification. Based on quantification results a working stock of 10ng/µl prepared using the mother stock. A set of 120 SSR markers selected from across the genome were used for analysis of genetic diversity. Only 100 markers (av. 5 markers/chromosome), which amplified clear and unambiguous bands were used for further studies. The sequences of the markers (primers) were downloaded from www.soybase.org and were synthesized locally. Purified DNA was subjected to PCR amplification in 20µl reaction mixture containing 5.0µl DNA (10ng/µl), 2.0µl PCR 10x buffer, 2.0µl dNTPs (25mM), 2.0µl each forward and reverse SSR primers (30ng/µl), 0.3µl Taq DNA polymerase (3U/µl) and 6.7µl doubled distilled water. Amplification of the template DNAs was performed in thermocycler (Applied Biosystem) as per the following profile: the DNA was denatured at 94 0 C for 2 min. 
Data analysis
Phenotypic and genotypic data recorded were analyzed and grouping of genotypes was done using GGT 2.0 software (Van Berloo, 2008) to produce an agglomerative hierarchical classification by employing Unweighted Paired Group Method using Arithmetic Averages (UPGMA). Scoring of the SSR alleles was performed manually in terms of positions of the bands relative to the ladder sequentially from the smallest to the largest-sized bands. Diffused bands or bands revealing ambiguity in scoring were considered as missing data and designated as 'V' in comparison with 'A' for the presence of the most frequent alleles followed by 'B' for the second and 'C' for the third most frequent alleles etc. Genotypes showing two allelic bands with equal intensity were considered as heterozygous for the locus. The polymorphism information content (PIC) was determined as described by Senior and Heun (1993) , given as PIC = 1-ΣP ij 2 , where P ij is the frequency of jth allele at ith locus summed across all alleles in the locus. Alleles with frequency of less than 0.20 were considered as rare alleles. Jaccard's coefficient (J) (Jaccard, 1908) was used to calculate the genetic similarities among pair wise comparison of genotypes based on SSR data, as follows: J = N11/(N11 +N10 + N01) where N11 is the number of bands present in both genotypes; N10 is the number of bands present in one genotype (lane) and N01 is the number of bands present in the other genotype. Genetic distances between the genotypes were calculated using 1-coefficient of genetic similarity. Data from 100 SSR markers were collected for further analysis of major allele frequency, allele number, number of rare alleles, gene diversity and polymorphic information content (PIC) were estimated using PowerMarker V3.0 (Liu and Muse 2005) . Shivakumar et al. (2015) . The amount of TI found in PI542044 represents the Bowman-birk fraction of TI, retention of which is considered to be desirable for health benefits of the consumer Rani et al. (2011) . Thus, the genotype PI542044 is free from KTI and will be suitable donor in breeding program for developing genotypes with zero KTI. Applicability of this genotype in this respect has recently been established . Genotypes with moderate to lower level of TI would be highly preferred by soy-food industries as it would reduce the industrial cost by taking away the cost of pre-heat treatment of soy-flours. Further, such genotypes would be fit to eat raw or without pre-heat treatment. It would boost consumption of food grade soybean and thus open up vistas for economic benefit to the farmers. 71g) . However, the genotypes had medium to higher content of TI.
Results and discussion
Trypsin inhibitor (TI) content
Morphological characterization
The resulting dendrogram grouped the genotypes into three major clusters. Cluster I consisted of 44 genotypes while cluster II and III had 11 and 46 genotypes, respectively. PI542044, which is KTI free and susceptible to YMV diseases clustered together with other popular Indian varieties viz., DS9814, DS9712, Bragg, JS335 etc. in cluster III but in different sub-clusters. Genetic distance between PI542044 and other genotypes ranged from 0.20 to 0.73. The genotypes with high, moderate and low trypsin inhibitor contents overlapped in different phenotypic groups or sub-groups. Thus, phenotype of the genotypes seems to have no linkage with TI contents. Clusters based on phenotypic traits would help breeders to select diverse genotypes for breeding. Ojo et al. (2012) evaluated 40 soybean genotypes for seven morphological characters and obtained seven clusters. Groupings of the genotypes however, are highly influenced by environmental factors. Therefore, variations in grouping of genotypes are inevitable. It emphasizes need of analytical procedures like molecular characterization that are free from environmental influences.
Polymorphism pattern
A total of 100 SSR markers covering entire soybean genome were used to amplify genomic DNA of the soybean genotypes varying in trypsin inhibitor content and morphological characters. Among the markers used, 71 were polymorphic and rests were monomorphic. Thus, the level of polymorphism was 71%. Higher level of polymorphism was the result of inclusion of diverse soybean genotypes. The SSR markers used to amplify the genomic DNA segment had primarily dinucleotide and trinucleotide motifs. The dinucleotides repeat motif SSRs were found to be more polymorphic than the trinucleotides repeat motif SSRs. The 21 out of 25 dinucleotide repeat motif SSRs (84%) and 47 out of 69 trinucleotide repeat motif SSRs (68.11%) were found to be polymorphic. The markers amplified 221 alleles across the genotypes evaluated. The number of alleles per marker locus varied from two to five with an average of 2.21. The gene or genetic diversity value ranged from 0.05 for Satt386 (Chr. 17) to o.78 for Sat_420 (Chr. 20). The average gene diversity value was found to be 0.44. Only five markers viz.Sat_420, Sat_413, Sat_389, Satt175 and Satt114 located on chromosome 20, 7, 1 and 13 had gene diversity value more than 0.70. The PIC value of the markers ranged from 0.04 for Satt386 to 0.75 for Sat_420 with an average of 0.27. In this study, 51 out of 100 SSR markers (51%) had PIC value more than 0.3 highlighting discriminating power of the markers. A set of 17 SSR markers had PIC value more than 0.50. Only four markers viz., Sat_413, Sat_389, Satt175 and Sat_420 had PIC value more than 0.70 (Fig. 1) . Thus, the distribution of alleles per marker locus and corresponding PIC values was random. Amplification pattern of SSR alleles as resolved through metaphor gel has been shown in Fig. 2 . The level of diversity and PIC values reported by various workers was found to vary with the experimental material as well as with type of markers used. Therefore, it was hard to establish a specific relationship between the alleles/locus and the PIC values observed. Kaga et al. (2012) observed gene diversity value (0.28) among 96 genotypes using 963 SNP markers which is less than the value observed in the present study. Kumar et al. (2014) analyzed genetic diversity in 96 genotypes using 121 SSR markers and observed 2.36 alleles/ locus and average PIC value 0.32 which is comparable with the values obtained in the present study. In general, Indian soybeans are less diverse and their genetic base is extremely narrow (Karmakar and Bhatnagar, 1996) , hence, their inclusion in large numbers might reduce the variability. Indian soybean germplasm constitutes direct introductions from USA and China (Taiwan), selection from the introduced germplasm and the single cross hybrids (two parent crosses) developed through crossing among these introductions (Tiwari, 2014) . Further, the process of domestication and dissemination also contributes towards reduction of genetic diversity (Gepts, 2004; Zeder et al. 2006) . Alleles with a frequency of less than 0.2 were considered as rare alleles. In this investigation, 65 rare alleles were produced by 47 markers. The rare alleles are useful for plant breeders and geneticists as a rich source of genetic diversity for crop improvement (Lapitan et al. 2007 ).
Genotyping and cluster analysis
The genomic DNA extracted from the leaf samples of the genotypes were subjected to molecular genotyping with SSR markers and the data so obtained were used to estimate genetic co-relatedness among the genotypes. The pair-wise mean genetic dissimilarity value as calculated by Jaccard's coefficients was 0.50, which indicated existence of enormous genetic variability among the genotypes. The dendrogram constructed with the molecular data had four major clusters (Fig. 3) . Cluster I was the major one consisting of 46 genotypes. However, it had three sub-clusters within it. Cluster II and III consisted of 22 and 27 genotypes, respectively. Cluster IV had only one genotype i.e. PI542044, which is free from KTI. The genetic distance between PI542044 and other genotypes ranged from 0.37 to 0.58. The average genetic dissimilarity between the genotypes in Cluster I, II and III with PI542044 were found to be more than 50%.
While comparing grouping of the genotypes based on morphological and molecular data, it was observed that numbers of groups formed were more with molecular data. As the molecular profile of a genotype do not change with the environment, hence finer and accurate groupings of the genotypes were obtained with the marker data. It clustered PI542044 separately in an independent cluster. However, in morphological analysis, it clustered with other genotypes. It thus revealed that genetic variability is analyzed more precisely with molecular markers than morphological data.
The grouping of the genotypes however did not follow any specific pattern with respect to its place of collection or geographical origin. All the exotic collections from Indonesia, Japan, Korea, Brazil, USA and Taiwan overlapped with Indian cultivars in different groups or sub-groups. Das et al. (2001) also reported non-parallelism between genetic divergence and geographical distribution of the genotypes. Such mismatch may be due to the inadequate pedigree records or genetic admixture encountered in breeding programs (Kumar et al. 2008) . Sihag et al. (2004) obtained no relationship between genetic diversity and geographic diversity. Uncontrolled movement of the genotypes between various geographical locations might have resulted in mixing of the genotypes leading to loss of geographical identity of the genotypes.
Thus, the present study could generate information regarding TI contents of a number of soybean genotypes including Indian varieties. It could also identify soybean genotype containing least amount of TI. The genotypes were further characterized through morphological and molecular markers so as to establish their genetic interrelationship. The genotypes identified in this study would be good starting materials for developing soybean varieties free from KTI.
